As agile is maturing and becoming more widely adopted, it is important that researchers are aware of the challenges faced by practitioners and organisations. We undertook a thematic analysis of 193 agile challenges collected at a series of agile conferences and events during 2013 and 2014. Participants were mainly practitioners and business representatives along with some academics. The challenges were thematically analysed by separate authors, synthesised, and a list of seven themes and 27 sub-themes was agreed. Themes were Organisation, Sustainability, Culture, Teams, Scale, Value and Claims and Limitations. We compare our findings against previous attempts to identify and categorise agile challenges. While most themes have persisted we found a shift of focus towards sustainability, business engagement and transformation, as well as claims and limitations. We identify areas for further research and a need for innovative methods of conveying academic research to industry and industrial problems to academia.
Introduction
Successfully adopting and using agile approaches within an organisation is challenging. As agile approaches mature and their use becomes more widespread [1] , the nature of the challenges that practitioners and organisations face is changing. New challenges are emerging and the focus of existing challenges is shifting, reflecting the current state of practice. Some activities that used to be regarded as challenging, for example setting up a Scrum team, are well understood, and are no longer regarded that way. There is now a growing body of research literature, experience reports, books and guidelines providing suggestions for those seeking help. Even so, some known challenges still pose problems in practice. Additionally, new challenges are emerging as organisations push the boundaries of existing techniques and try new approaches or move into unknown territory.
The Agile Research Network (ARN), www.agileresearchnetwork.org, is a collaboration between the authors' institutions and an industry body, the DSDM Consortium. We believe that in order for our research to have relevance, we need to work on problems that have been identified by practitioners. We work with organisations in the following way: we identify a relevant challenge, conduct a case study to explore the challenge within its organisational context, and conduct a literature review to identify suggested solutions. We discuss our findings with the organisation, engage in a dialogue with them about mitigation strategies and undertake research into changes made. We then publish our findings as academic papers for the research community [2] [3] [4] and as white papers for the practitioner community [5, 6] . In order to find out what topics are most challenging for organisations, we have developed a 'Challenge Wall' (see Figure 1 ), deployed at five Agile Conferences and events between October 2013 and October 2014. We have used this challenge wall to collect agile challenges from a range of attendees. In this paper we report our approach and present a thematic analysis of our findings.
suggested that researchers should aim to understand the drivers of agile adoption as well as its effects [9] . The call for more research continued in 2009 by Abrahamson et al. [10] , who also identified a need for more rigour and industrial studies, as well as highlighting a lack of clarity about what was meant by agility. More recently the research landscape has changed. Both Dingsøyr et al in 2012 [11] and Chuang et al in 2014 [12] have reported an increase in published research, indicating a maturing field.
Figure 1: The Challenge Wall at ABC 2013
A number of systematic literature reviews have investigated specific topic areas within agile: by reviewing the state of research, synthesising research themes and identifying challenges. For example, a 2011 review of agile global software engineering literature [13] concluded that research was increasing but there was a predominance of industrial experience reports which report on modifications to practice based on contextual factors. A 2014 review of communication in agile global software development identified seven research themes, and reported that about half of the chosen papers were experience reports [14] . Other systematic reviews have appraised topics in agile software development such as user-centred design [15, 16] , Scrum challenges in global software engineering [17] , governance [18] and embedded software [19] .
Research overviews and systematic literature reviews usually focus on the state of research from an academic viewpoint, although in the agile field the importance of industrial relevance and practical impact is widely acknowledged. However, academics and practitioners value different aspects of research. Academics tend to value methodological rigour and the building of theory whereas practitioners look to research to provide answers to specific practical problems and evidence to show which approaches are most effective.
A number of authors have noted the predominance of industrial experience reports in the agile literature [13, 14, 20] . Experience reports are extremely useful as they tell a coherent and contextualised story about an organisation, and in doing so describe practice, suggest practical techniques, and provide guidelines. However, one of the limitations of this type of literature is that experience reports usually tell positive stories of problems solved rather than describing persistent difficulties, worsening situations or failures. As a result they give us snapshots of successful practice, but almost certainly do not represent the state-of-the-practice. Indeed, few papers describe major unresolved problems or failures, resulting in a general publication bias towards only reporting success. Since many lessons are learnt in response to mistakes and failures, this bias, although unsurprising, is not helpful. This problem is not specific to the agile area, and has been noted in other disciplines [21] .
During a panel discussion at XP2010 practitioners said that researchers did not always address questions they wanted answering. During the rest of the conference delegates were asked to suggest and vote on topics that should be researched, in order to create a prioritised list of 'burning issues' for the agile research community [22] . During an XP2013 workshop Dingsøyr and Moe elicited and ranked research challenges for large-scale agile software development [23] from a mixture of practitioners and academics. Taking this approach to identifying research questions is a more direct way of ensuring research relevance, but how relevant the challenges are to practice depends on who is suggesting the challenges.
Several attempts have been made to categorise challenges faced in the application of agile. Gandomani et al. [24] categorise the challenges faced by organisations when migrating to agile into four main categories: organisation and management; people; process; and tools related challenges. This classification is based solely on existing literature. Using grounded theory, van Waardenburg and van Vliet [25] investigated the challenges caused by the co-existence of agile methods and plan-driven development, and discussed mitigation strategies for those challenges. This work is based on 21 interviews with agile practitioners from two large enterprises in the Netherlands. They organised the challenges under two categories: 'increased landscape complexity' and 'lack of business involvement'. The paper exposes consequences of the former category as 'problems with communication', 'dependent definition of done', and 'difficulties to create change'. The consequences of the latter category are problems with requirements gathering, slow reaction to change, problems with requirements prioritisation and limited feedback from the business. For both challenge categories, mitigation strategies were proposed that focused on communication between the agile and traditional part of the organisation, and the communication timing.
Conboy et al [26] identified nine themes for challenges experienced by 17 large multinational organisations using agile methods. The research focused on challenges encountered by people involved in the agile development process. The themes were: developer fear as a result of the transparency of skill deficiencies; the need for developers to be "master of all trades"; dependency on social skills; deficiency of developers' business knowledge; the need to understand and learn values and principles of agile, not just the practices; lack of developer motivation to use agile methods; implications of devolved decision-making; the need for agile compliant performance evaluation; and absence of specific recruitment policies and absence of trained IT graduates for agile. Cohn and Ford [27] focused on the challenges related to the transition from plan-driven processes to agile processes and the wider impact of this transition not only on the development team members, but also on management, other departments, and other agile teams. They proposed several approaches for introducing agile to organisations. These focused on recommendations related to the different roles and factors impacting the transition to agile.
Method
The ARN deployed a 'Challenge Wall' at five Agile Conferences and events between October 2013 and October 2014. This section discusses the challenges collected and how they were analysed.
Data Collection
When we ran a challenge wall we positioned an ARN poster in a visible place in the conference or event venue and provided a stack of pens and small cards on which each challenge was written. Delegates were encouraged to fill out the cards anonymously (see Figure 2 ), and these were then attached to the wall next to the poster for others to read. Delegates wrote one challenge per card, and could fill in as many cards as they wished. The challenge wall gradually grew throughout the event, and became a trigger for discussions between delegates and the ARN team about the nature and context of the challenges identified. After each event the cards were removed from the wall and the contents were typed up into a spreadsheet.
The first agile challenge wall was set up at the Agile Business Conference in 2013. We soon realised that we had uncovered a powerful way of identifying issues of concern. As a result, we subsequently ran the challenge wall at several agile events in order to build up a larger set of data for analysis.
We collected challenges using the challenge wall at five different events during 2013 and 2014. These events were: the Agile Business Conference, London, October 2013 (www.agileconference.org); DSDM Members Day, Manchester, November 2013 (www.dsdm.org); XP, Rome, May 2014 (www.xp2014.org); AgileNorth, Preston, June 2014 (www.agilenorth.org); and the Agile Business Conference, London, October 2014 (www.agileconference.org).
Participants
The attendees at the five events were mostly agile practitioners and business representatives rather than academics, except for the XP Conference in 2014 that was attended by a mixture of practitioners and academics. Practitioner and business attendees represented a range of organisational roles. An analysis of attendance data from the 2014 ABC Conference (the only event about which we had access to such data), showed that 34% of attendees were managers, 14% were from business roles, 12% were executive-level managers, 12% were developers, 8% were consultants, 8% were project managers, 5% were analysts, 3% were coaches and 4% were from other roles (including some students and academics). It is likely that ABC 2013 and the DSDM Members day had a similar mix of attendees.
Figure 2: A Challenge Card

Data Analysis
We used a thematic analysis approach for data analysis. This is a data synthesis method that identifies, analyses and reports patterns (themes) within data. It describes and organises the data set in rich detail and interprets different aspects related to the research topic [28] . The data is first labeled and coded, and those codes are then inspected resulting in some relabeling, dropping and merging of codes. Finally, codes are translated into themes.
Three of the authors, Salah, Gregory and Barroca each completed an independent thematic analysis of the challenges, then Taylor and Sharp, reviewed these. They verbally clarified the meaning of the descriptors used by the other authors, and created a new spreadsheet with a merged list of sub-themes. Merging started by looking at sub-theme names and their associated challenges, and went on to identify high-level themes, which were used as grouping mechanisms for the more detailed sub-themes. Discussion focussed on whether to merge or split sub-themes, finding appropriate names for subthemes, and identifying broad themes at the right level of granularity. For example, 'culture' and 'changing mindsets/culture' had been identified as sub-themes by two of the independent analysts, but a distinction between organisational culture and national culture had not been made, so the reviewers created these as themes. They regrouped the data into nine themes and 27 sub-themes. This set of themes was revised again through discussions between all authors using Skype calls and emails, and the final set of seven themes and 27 sub-themes was agreed. For example, through group discussion at this final stage it was decided that 'organisational culture' and 'national culture' would be more appropriate as sub-themes grouped under the broader theme of 'Culture'.
Results
We collected 194 challenge cards, of which one was disregarded as inappropriate. As a result of the thematic analysis described in Section 3.3 the remaining 193 challenges determined the seven themes and 27 sub-themes. Table 1 below shows the themes and sub-themes along with a description and an example challenge from each sub-theme. The table is ordered, largest first, by the number of challenges in the themes and sub-themes, with the number of challenges in each group provided in brackets. 
Success can be challenged by lack of awareness or commitment from other stakeholders
It only works if all stakeholders get involved and support the agile process Adoption (n=5)
Concerns around 'how to' introduce agile ways of working either into teams or into the wider organisation
What is the holistic business case to move to agile?
Fear of change and the unknown as agile appears less structured with people 'doing their own thing' whilst using a whole new set of jargon Traditional practitioners may fear and resist the change given control moves to the team (self-organising teams) Traditional mechanisms that ensure projects achieve regulatory or legal compliance are often process driven and bureaucratic
Have not yet found any clear view on how the 'governance' at Business Case level works or could work in relation to outcomes, costs and benefits 7
Value (n=7)
Business value (n=4)
To counter criticism of waterfall approaches where organisations tended to focus on process rather than product, agile projects must demonstrate value
Ensuring that projected value is achieved
Many organisation use wide ranging metrics but these are not always appropriate or necessary to agile projects
The lack of well formulated and defined measurement practices
Research interest in agile has been growing steadily as indicated by the publication of over 200 peerreviewed journal articles in the period between 2001 and 2012 [12] . Amongst these many publications we have seen: a systematic literature review identifying the areas being researched [9] ; a prioritisation of research needed in the form of a preliminary roadmap [8] ; and a prioritised list of the areas of research that practitioners would like to see addressed [22] .
Here we discuss how the challenges we have gathered are related to previous literature reviews in the area. First we compare our themes and sub-themes with areas identified in Dybå and Dingsøyr's 2008 systematic literature review [9] and investigate research on specific sub-themes by undertaking a title search of the papers listed by Chuang et al [12] in their 2014 systematic literature review (section 5.1). Second, we compare our findings with the research areas Dingsøyr et al [8] established as goals for research achievements by 2015 (section 5.2). Third, we discuss how practitioner concerns have evolved over time by comparing the challenges we have collected with those collected at XP2010 by Freudenberg and Sharp [22] (section 5.3). Finally we discuss the limitations of our approach (section 5.4). All italicised quotes in this section are verbatim transcriptions from challenge cards.
Are these challenges reflected in research literature?
The seven themes and 27 sub-themes identified in our challenge set represent a mix of familiar and less familiar topics found in the literature. Of the familiar topics, Organisation, Sustainability, Culture and Teams are themes that have been subjects of research interest for some time. For example the topic groupings identified in Dybå and Dingsøyr's systematic review [9] are reflected in these four themes from our challenge set (Table 2) .
However some sub-themes within these four main themes, such as Business and IT transformation, Fear, Contracts, Documentation and Leadership, do not seem very evident in the literature searches we have conducted for our industrial partners. This would, however, need to be confirmed by a more upto-date systematic literature review. The need for business as well as IT transformation, was of particular concern in our challenge set, with 11 challenge cards identifying this topic. Examples of challenges identified included: 'Its take up outside of the delivery function. That it is has been coined by IT for IT without the business guys. Which organisational changes are triggered by IT without anybody noticing/caring/managing those changes?'; and 'That everyone seems to think that it starts and stops in software development. How other disciplines blend in is a big challenge'. Scaling is also a topic that has been written about and discussed by practitioners [29, 30] . Through a title search of Chuang et al [12] we found seven papers on scaling, including large or complex projects (searching on 'scale', 'large', 'complex') and none on governance (searching on 'governance', 'PMO'). Dingsøyr and Moe reported from an XP2013 Workshop at which research challenges in largescale agile development were discussed, that there were few research studies on the topic [23] . A recent systematic literature review on agile governance, identified a small but growing research base [18] .
The two themes Value, and Claims and Limitations identified in our challenge set are generally less commonly reported in the empirical research literature, although some of the associated sub-themes are more researched. In a title search of Chuang et al [12] we found no papers on the topic of business value (searching on 'value'); eight discussing measurement ('metrics', 'measurement'); and none on claims or limitations ('misconception', 'shortcoming', 'fail', 'hype', 'lack', 'claim', 'limitation').
Our participants identified 46 challenges on the theme of Claims and Limitations. Comments indicate a certain amount of frustration, but range over a number of topics, including: 'Religious approach'; 'Everyone wants to reinvent it'; 'Throwing away some of the old useful ideas'; and 'The lack of a project management framework for coordinating multiple teams and or work.' While there is some literature about the concept of agility [31, 32] , there is very little about misconceptions, hype and failure.
Agile hype is discussed by Janes and Succi [33] who suggest agile has followed the Gartner Hype Cycle, and is stuck in the 'Trough of Disillusionment' as a result of what they call the 'guru phenomenon'. In a grounded theory study of agile practitioners Hoda et al [34] identify agile hype and scepticism as factors that negatively affected customer involvement in agile projects. There are some discussions in the consultant literature [35] , however we could find no empirical research that specifically focussed on investigating this topic.
Additionally there is very little research into agile failure. McAvoy and Butler [36] report the failure of a team to adopt an agile method, identifying ineffective decision-making and actions, which occurred as a result of the team's desire to become more cohesive, as one of the key drivers of the failure. This is a gap, and has been mentioned by other researchers [12] . It is somewhat surprising as anecdotally it is not uncommon to hear stories of failure and organisational abandonment of agile.
Challenges and the goals set for 2015
Dingsøyr et al in their preliminary roadmap [8] assess the state of agile research in 2008 and suggest a goal for agile research for 2015. They indicate some areas for priority in research: maturity, coverage, understanding and impact. They assess that research was having little impact on everyday practice in industry and suggest that "increased application of research methods like action research [37] can be helpful ensuring the relevance, and help provide a larger body of knowledge that can lead to a broader impact on industry."
Research has been growing significantly [12] , action research is being used [2, 38] and research may be getting more relevant and is definitely increasing the body of knowledge. However, some perspectives from our challenge list are:
'That there is no academic research supporting the claimed success'; and, 'It is isolated from many fields, e.g., a good research could be about bringing information visualisation theory and methods into agile project management in a systematic way.' This suggests that even if research has been done, the gap between research and what industry wants to know has not yet been bridged.
Persistence of challenges over time
We discuss how Freudenberg and Sharp's [22] top ten research questions from practitioners feature in our challenge set; we start by looking at those that persist. 'Agile and large projects' was the top research question in the 2010 paper. Scaling is still a theme for our challenges, not only in terms of large projects:
'How do you scale up to a large project over many months or even years?'; but also in relation to complexity and the size of the organisation:
'Scaling due to complexity (rather than large projects)'; and 'Scaling across a large enterprise/companies.' Collocation and distribution appeared in 2010 related to: effective work e.g. 'Do teams really need to always be collocated to collaborate effectively?'; cost e.g. 'Hard facts on costs of distribution (in $, £, €, and so on)'; and trust e.g. 'Distributed agile and trust-what happens around 8-12 weeks?'.
Distributed teams appear in our challenges as a sub-theme still raising the issue of trust: 'Why does trust decline if people are not meeting in person for more than 12 weeks?' and, to a lesser extent, the issue of cost (travel cost in one single challenge):
'It requires co-location in a digital world, where travel is too expensive'. However, distributed teams no longer seem to raise challenges of effective collaboration. This may suggest that distributed teams are an accepted reality that has to be dealt with rather than opposed.
Trust appears today under new contexts, not limited to distributed teams: 'What is the cost for not investing in trust?' One other research question that persists is that of metrics -'What metrics can we use with minimal side-effects?' The Value theme gathers challenges not so much related to side effects but rather to what management wants and how to measure value:
'Agile is about measuring value, but management want efficiency, defect metrics etc. How to demonstrate team is efficient and improving efficiency?'; 'Can be difficult to define a value metric'; and 'The lack of well formulated and defined measurement practices.' These challenges suggest a wider concern of agile within a large traditional enterprise, as agile is becoming more established and having to cohabit with more or less hostile environments.
Some research questions do still appear as challenges, but with less frequency and emphasis. That is the case of 'What factors can break self-organisation?':
'Changing from a command and control/mechanistic worldview to a future of autonomous, self-managed agents in a systemic organisation is too much if the system does not change itself -including leaders.' The concern here seems also to be more about the context of the organisation rather than the internal functioning of agile teams.
Also of less importance are the issues of more detailed agile practice such as 'Architecture and agile-how much design is enough for different classes of problem?' with one single mention of architecture:
'Dealing with emergent architecture which can be F*agile!' Two other research issues appear only in one or two challenges. One is 'The correlation between release length and success rate' with the two following challenges:
'Cost of release, cannot release code easily'; and 'Agile on aged technology, environment stacks -> prevents early release to test and promotes waterfall of dev handing over to test period.'
The other is 'Sociological studies-what were the personalities in successful/failed agile teams?' with a single challenge mentioning personality:
'Would like to understand the personality type of a coach in order to make better hiring decisions.' For the remaining research question -'Statistics and data about how much money/time is saved by agile.' -we didn't encounter any mention of quantifying savings in time and cost. There are, however, several challenges mentioning the time it takes for agile to get established: 'It takes practice and time so needs some serious commitment'; 'It is geriatric time to innovate'; 'It takes practice and time so needs some serious commitment'; 'Business managers only hearing on time delivery and not putting time in to deliver/write stories'; and 'I have been on a two day course. It is common scene, I am an expert. You are not. It takes time and experience'. The discussion above suggests that the concerns of practitioners now are less about moving into agile, or about how to do agile, but rather about sustaining agile. Agile is here to stay, sometimes in environments that are not always supportive, but within which agile development needs to coexist.
Limitations
Collecting challenges at these agile events was opportunistic. As a result the data cannot be seen as fully representative of the community of agile practitioners. The challenge cards were filled in anonymously so we cannot link each one with a particular job role. We had conversations with a majority of respondents and although some cards may have been completed by academics, practitioners completed most. Most of the data comes from the UK, apart from that collected at the XP Conference in Rome.
We are aware of some limitations in our comparison of themes from our data with those found in previous literature. The Dybå and Dingsøyr systematic literature review [9] is now six years old and reviewed publications up to and including 2005. Although the Chuang et al [12] systematic literature review is recent, there is no thematic topic review in the paper, so we were not fully able to compare our findings with those and had to rely on a review of titles. We believe, however, that these limitations rather than invalidating some of the suggestions made in the discussion, point to a need for more updated research in some areas.
Conclusions
If research is to have real impact in the practitioner community, researchers need to understand and address the challenges that this community faces. However, it is not simply a matter of identifying challenges and setting up research programmes to address them. The landscape of practitioner challenges is complex and multi-faceted, and while some challenge areas have persisted for many years, some have evolved, and others are new.
Through its mission to bridge the gap between industry and academia, the ARN has collected 193 challenges at practitioner-focused events during 2013 and 2014 and analysed them. This analysis allows us to make four observations: 1. Some challenges areas have persisted for many years, and are just hard to address successfully.
These challenge areas would benefit from further research. For example, identifying and measuring agile value, and understanding cultural change are highly contextual and complex. 2. Some challenge areas appear to have persisted for many years, but our analysis shows that the focus of the challenge has in fact shifted. For example, concerns around scaling and distributed teams have changed. The agile field is maturing, and practitioners are less concerned about adopting agile and more concerned about sustaining agile. Research in these areas needs to have a specific and relevant focus. 3. Some challenge areas have not been widely researched. These areas include: sustainability, governance, business engagement and transformation, failure, and the impact of claims and limitations. Future research would be beneficial in some of these areas, but it is not the answer to all of them as some would best be addressed by further or different education and training -e.g. those challenges classified as misconceptions and hype. 4. Some challenge areas have been addressed by research but practitioners still see them as a challenge. Although research is being done, it is still not having the expected impact. This means that either practitioners are not aware of this work and it needs further dissemination, or the research is not ready for practitioner implementation. The observations above point both to the need for further research and for improvements in knowledge transfer. The ARN addresses the latter by developing more innovative methods of conveying academic research to industry and industrial problems to academia, bridging the gap between research and practice. We have developed a model of collaboration [39] where researchers engage with collaborators in an in-depth way, spending time in the organisation to understand the context, and suggesting alternative ways of working. This promotes the transfer of knowledge in a way that takes into account the context of each organisation individually, and requires an in-depth knowledge of existing research. This approach also generates opportunities to contribute to further research based on the data generated in the collaborations.
